Background. This study was carried out to observe the radioprotective effect of Panax ginseng root extract (PGE) against radiation-induced hematological and biochemical alterations in blood and liver of mice. Materials and methods. Adult Swiss albino mice were exposed to 6 Gy gamma radiation in the presence (experimental) or absence (control) of PGE to study the quantitative and qualitative alterations in the blood and liver. Results. Radiation exposure resulted in a significant decline (P < .001) in erythrocyte count, hemoglobin (Hb), and hematocrit (Hct) in peripheral blood. Maximum changes in all the parameters were observed on day 3 after irradiation. In contrast, PGE-pretreated irradiated animals showed a significant increase in erythrocyte, Hct, and Hb values compared with irradiated controls. Furthermore, a significant elevation in lipid peroxidation level over normal was recorded in irradiated control mice, whereas this increase was considerably lesser in PGE pretreated animals. Likewise, pretreatment with PGE caused a significant increase in glutathione levels in serum as well as in liver in comparison to irradiated controls. Conclusion. From this study, it is clearly evident that PGE provides protection against radiation-induced hematological and biochemical alterations in Swiss albino mice.
Introduction
Radiation is a double-edged sword. The application of ionizing radiation in different areas is constantly increasing, including its use for medicinal and industrial purposes. Ionizing radiation passing through living tissue generates reactive oxygen species such as superoxide anion (O 2 ⋅ − ), hydroxyl radical (OH⋅), singlet oxygen (O⋅), nitric oxide (NO), hydrogen peroxide (H 2 O 2 ), and peroxyl radicals in a biological system, by radiolysis of water that can damage several cellular components and biomolecules such as DNA, proteins, lipids, amino acids, and carbohydrates. [1] [2] [3] The metabolism and physiological functioning of the specific body organs are also altered when the organism is exposed to ionizing radiation. Radiation may damage the cell membranes in such a manner that these not only lose certain compounds but also are unable to take them from the surrounding extracellular medium, causing biochemical changes. 4 The damaging effects of ionizing radiation lead to cell death and are associated with an increased risk for numerous genetically determined diseases. 5 With respect to radiation damage to humans, it is important to protect humans from adverse effects induced by ionizing radiation. The use of radioprotectors represents an obvious strategy to improve the therapeutic index in radiotherapy. Although synthetic radioprotectors such as the aminothiols have yielded the highest protective factors, typically they are more toxic 6 than naturally occurring protectors. 7 In general, the use of the best radioprotective agents have also been reported to result in the highest behavioral toxicity. 8, 9 Hence, the search for alternative sources, including bioactive principles of plant origin, has been an ongoing task worldwide.
In recent years, it has become well known that antioxidant phytochemicals are present in plants, fruits, and vegetables. 7, 10, 11 Indeed, herbal medicine (phytomedicine) is generally considered a well-established form of complementary medicine. It is estimated that within the population in the United States, use of complementary medicine has increased from 33.8% in 1990 to 42.1% in 1997. 12, 13 In an attempt to find potent natural antioxidants, some herbal medicines have recently gained recognition as biological response modifiers. 14, 15 In particular, the use of herbs for their potential as possible modifiers of the radiation response is receiving considerable attention. 16, 17 Panax ginseng (family: Araliaceae) has been used as adaptogen, 18 general tonic, anticarcinogenic agent, 19 antistress agent, antifatigue agent, 20 immunomodulator, 21 antioxidant, 22 chemopreventive agent, 23 radioprotective agent, and to restore vigor, increase resistance to infections, increase concentration and mental activity, enhance mental acuity and intellectual performance, improve physical performance, promote appetite, and lower blood cholesterol.
However, there have been no detailed studies on its radioprotective effects. Therefore, the present communication deals with the radiomodulatory effects of this plant in Swiss albino mice by evaluating some hematological and biochemical end points.
Materials and Methods

Animals Care and Handling
Animal care and handling were performed according to the guidelines set by the World Health Organization, Geneva, Switzerland, and the INSA (Indian National Science Academy), New Delhi, India. Male Swiss albino mice (Mus musculus), 6 to 8 weeks old and weighing 20 to 24 g from an inbred colony, were used for the present study. These animals were maintained under controlled conditions of temperature and light (light:dark, 10:14 hours). They were provided standard mice feed (procured from Ashirwad Industries, Chandigarh, India) and water ad libitum. Tetracycline water once a fortnight was given as a preventive measure against infections. The Departmental Animal Ethical Committee approved the present study.
Irradiation
Cobalt teletherapy unit (ATC-C9) at the Cancer Treatment Centre, Radiotherapy Department, SMS Medical College and Hospital, Jaipur, India, was used for irradiation. Unanesthetized animals were restrained in well-ventilated perspex boxes and exposed to gamma radiation at a distance Source to surface distance (SSD) of 77.5 cm from the source to deliver the radiation dose at a rate of 1.32 Gy/min.
Plant Material and Extract Preparation
The plant extract has been prepared by refluxing with double distilled water (DDW) for 36 hours at 40°C. The liquid extract was cooled and concentrated by evaporating its liquid contents in vacuo and freeze dried. The prepared extract of P ginseng was stored at a low temperature until its further use. This extract was redissolved in DDW prior to oral administration in mice.
Experimental Design Determination of Optimum Dose of PGE Against Irradiation. The dose selection of the P ginseng extract (PGE)
was carried out on the basis of a drug tolerance study. For this purpose, various doses of PGE (10, 15, 20, 25, 40 , and 50 mg/kg body weight) were tested for their effects on the tolerance to 8.0 Gy gamma radiation in Swiss albino mice, and the survival rate (28%, 43%, 60%, 89%, 50%, and 45%, respectively) of the animals was observed. The most optimum and tolerable dose of PGE (25 mg/kg body weight) was selected and used for further detailed experimentation.
Modification of Radiation Response. A total of 70 animals
used for the experiment were assorted into 4 groups. Then, 5 animals in group I were administered with DDW, volume equal to PGE (25 mg/kg body weight Per animal) by oral gavage to serve as normal; 5 mice in group II were administered PGE orally once daily at a dose of 25 mg/kg body weight per animal for 5 consecutive days. In group III, DDW volume equal to PGE was administered for 5 consecutive days (as in group I). One hour after the last administration of DDW, 30 animals were exposed to 6 Gy gamma rays. Group IV mice were treated with PGE orally for 5 consecutive days (as in group II), and 30 animals were exposed to gamma radiation 1 hour after the last administration of PGE on day 5. These animals were observed daily for any sign of sickness, morbidity, behavioral toxicity, mortality, and abnormality if any. A minimum of 5 animals from each group were necropsied at 12 hours and on days 1, 3, 7, 15, and 30 posttreatment to evaluate hematological and biochemical alterations.
Hematological Study. For the study, blood was collected from the orbital sinus of animals from each group in a vial containing 0.5 M EDTA. Total number of erythrocytes (RBC), hematocrit (Hct), and hemoglobin (Hb) percentage were determined using standard procedures.
Biochemical Study. Lipid peroxidation (LPx) assay. The LPx levels in liver and serum were measured by the assay of thiobarbituric acid reactive substances using the method of Ohkhawa et al, 24 in which the absorbance was read at 532 nm with a Systronic UV-VIS-108 spectrophotometer.
Glutathione (GSH) assay. The hepatic level of GSH was determined by the method of Moron et al. 25 Briefly, liver homogenate was added to 20% Trichloroacetic acid (TCA), centrifuged, and the supernatant was collected. The supernatant was mixed with 0.3M Na 2 HPO 4 and 5-5, dithiobis-2-nitrobenzoic acid (DTNB) reagent, and allowed to stand for 10 minutes at room temperature. The absorbance was read against blank at 412 nm using a UV-VIS Systronics spectrophotometer.
The GSH content in the blood was measured spectrophotometrically using DTNB as a coloring reagent according to the method of Beutler et al. 26 Briefly, 0.2 mL of blood was mixed in 1.8 mL of DDW and added to the precipitating solution, centrifuged, and the supernatant was collected. This supernatant was mixed with 0.3 M disodium hydrogen sulfate and DTNB reagent and was allowed to stand for 2 minutes at room temperature. The absorbance was read at 412 nm.
Statistical Analysis
The results for all the groups at various necropsy intervals were expressed as mean ± standard error (SE). To determine whether the mean of the sample drawn from the experimental group (group\ IV) deviates significantly from the respective control (group III), Student's t test was used, following the method of Bourke et al. 27 The significance was set at different levels as P < .05, P < .01, and P < .001.
Results
Radiation Sickness and Mortality
No toxic effects in terms of sickness were observed in the animals treated with DDW (group I) and PGE alone (group II). Animals that died exhibited signs of radiation sickness within 2 days after exposure to 6 Gy with DDW (group III). These symptoms included anorexia, lethargy, diarrhea, slow gait, body weight loss, and ruffled fur. No toxic effects were observed in terms of sickness, body weight, urination, defection pattern, and mortality in animals treated with PGE alone, once daily.
Selection of Optimum Dose of PGE Against Irradiation
The optimum dose of PGE against lethal gamma radiation (ie, 8 Gy) in Swiss albino mice was selected on the basis of a survival experiment, where number of deaths and survivals were recorded for up to 30 days after irradiation. Mice treated with PGE at doses of 10, 15, 20, 25, 40, and 50 mg/kg body weight per day for 5 consecutive days prior to irradiation exhibited 28%, 43%, 60%, 89%, 50% and 45% survival, respectively. The dose of 25 mg/kg body weight was found to be the optimum dose based on the above data, and further studies were carried out using this dose of PGE (Figure 1 ).
Hematological Study
Animals treated with PGE alone (group II) did not show any significant change in various hematological constituents (erythrocytes, Hb, and Hct) in comparison with normal. The maximum decrease in total erythrocyte count was on day 3 of the autopsy interval. Red cell count showed a significant decrease (P < .001) as compared with group I throughout the experiment. In group IV animals, a significant (P < .001; P < .01) increase in red cell count with respect to controls was noticed during the entire period of study by restoring almost a normal value on the last autopsy interval (ie, day 30; Figures 2, 3, and 4) .
Hemoglobin concentration in irradiated mice (group III) showed the maximum decrease on the third day. Animals irradiated with pretreatment of PGE (group IV) exhibited a higher Hb concentration than group III animals, and values were found to be near normal by the end of the experiment.
Hct percentage was found to be significantly (P < .001) lower in the irradiated group III as compared with group I throughout the experiment. In group IV, Hct values were higher than those for controls, with a recovery from the 15th day and reached near normal by the 30th day posttreatment.
Lipid Peroxidation Assay
No significant difference in blood as well as liver LPx levels was observed in the PGE-alone treated group (group II) as compared with the normal group (group I). A significant increase (P < .001) in blood and hepatic LPx levels was noted in gamma-irradiated animals (group III) as compared with normal animals. However, these levels were found to be lowered in PGE-pretreated irradiated (group IV) animals ( Figure 5 ).
Glutathione Estimation
No significant alterations in GSH contents of liver and blood were observed between normal and PGE-treated animals. However, a statistically significant decrease in GSH was noted in irradiated controls (group II) as compared with group I animals. PGE-pretreated irradiated (group IV) animals exhibited a significant elevation in GSH (blood and liver) as compared with group III animals, but the values remained below normal ( Figure 6 ).
Discussion
Acute and chronic effects of radiation on the human hematopoietic system have been observed in atomic bomb survivors, [28] [29] [30] in those undergoing radiotherapy, 31 and in persons exposed during radiation accidents. 32, 33 One of the major syndromes of the hematopoietic system seen after high-dose total-body exposure to ionizing radiation is bone marrow aplasia. The extract of P ginseng had been reported to ameliorate radiation-induced damage in mice. 34 These reports demonstrate the feasibility of using the extract of this plant to reduce the radiation injuries on peripheral blood.
The radioprotective effect of PGE has been demonstrated by the increased survival rate. A significant radioprotection was achieved when PGE was given orally as 25 mg/kg body weight per day for 5 consecutive days prior to irradiation. Only 11% mortality was evident in PGE-pretreated irradiated animals treated with 25 mg/kg body weight per day of PGE in the present experiment. Similarly, plants such as Alstonia scholaris, 35 Trigonella foenum greacum, 36 Emblica officinalis, 37 and Rosemarinus officinals 38 have also been reported to provide protection in a similar fashion against sickness induced by radiation.
The hematopoietic system is known to be one of the most radiosensitive systems, and its damage may play lead to the development of hematopoietic syndrome and results in death. Survival after irradiation actually results from the recovery of several target systems such as the bone marrow, gastrointestinal tract, skin, and hemostatic system. 39 Death from the so-called hematopoietic syndrome results from infection resulting from the impairment of the immune system. 40 Various mechanisms, such as the prevention of damage through the inhibition of free-radical generation or its intensified scavenging, enhancement of DNA and membrane repair, replacement of dead hematopoietic and other cells, and the stimulation of immune cells activities, are considered to be important for radioprotection. 41 With the radiation dose used in the present study, hematopoietic as well as gastrointestinal damage may contribute to mortality of animals within 15 days of irradiation. Endogenous infection may also be responsible for the death of irradiated mice. Bacterimia may be a cause of mortality secondary to hematopoietic and gastrointestinal damage because antibiotic treatment has been shown to increase the survival of mice irradiated in the LD50/30 range. 42, 43 In the present study, the reductions in both Hb level and RBC count in the irradiated group were attributed to the impairment of cell division, obliteration of blood-forming organs, alimentary tract injury, 44 depletion of factors needed for erythroblast differentiation and reticulocyte release from the bone marrow, 45 and the loss of cells from the circulation by hemorrhage or leakage through capillary walls and/or the direct destruction of mature circulating cells. 46 The decrease in all these blood constituents is responsible for anemia. Maximum decline in erythrocytes and Hb was observed on the third day following irradiation, which is in agreement with the findings of others. [47] [48] [49] Pretreatment with PGE increases the levels of erythrocytes, Hb, and Hct. PGE pretreatment before irradiation significantly checked the radiation-induced decline in erythrocytes, Hb, and Hct. PGE may be responsible for a significant protection of erythropoietic cells in bone marrow, which is subsequently responsible for increasing the number of erythrocytes, Hb, and Hct in peripheral blood. The bone marrow cells have been reported to be protected against radiation-induced damage by various other plant extracts also. [50] [51] [52] The basic effect of radiation on the cellular membrane is believed to be the peroxidation of membrane lipids. LPx is another important event related to cell death and has been reported to cause severe impairment of membrane functions through increased membrane permeability and membrane protein oxidation, DNA damage, cytotoxicity, and eventually cell death. [53] [54] [55] [56] In the present study, it has been observed that although PGE treatment did not significantly alter the LPx level in unirradiated animals, it significantly lowers the radiation-induced LPx in terms of malondialdehyde. Inhibition of LPx in biomembranes can be attributed to antioxidants present in this plant extract.
The A significant decline in GSH content was noticed in irradiated group as compared with the normal group. This could be because of its enhanced utilization as an attempt to detoxify the free radicals generated by radiation. The oral administration of PGE did not influence the endogenous GSH content significantly, but it protected against GSH depletion caused by irradiation. These results suggest that endogenous non-protein sulfhydryl content (GSH) is maintained by the extract in the PGE + irradiated group. The antioxidative and free-radical scavenging effects of ginseng and some of its selected ingredients have been extensively investigated and well documented. 57
Conclusions
The present findings, showing more favorable postirradiation changes in the peripheral blood constituents in animals treated with PGE before irradiation in comparison with the irradiated controls, indicate that the radioprotective effect of PGE is apparently realized through its influence on the hematopoietic system. These data allow one to elucidate the mechanism by which PGE can provide whole-body defense against high doses of gamma radiation. Further studies are being conducted in our laboratory to study its protective role on various biological systems against irradiation.
